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Following from our discussion of the theory of electrophoresis,' we will present in more detail the methods for peforming two of the more powerful techniques-namely, sodium dodecyl polyacrimide gel electrophopresis (SDS/PAGE) and isoelectric focusing. We will then discuss clinical applications of electrophoresis.
Sodium dodecyl sulphate polyacrylamide gel electrophoresis
This procedure separates poplypeptides according to their size; as it is most commonly used proteins are resolved as a consequence of differences in their rates of migration. SDS/PAGE systems use buffers that contain a detergent, sodium dodecyl sulphate (SDS), which denatures proteins. In a solution of SDS most multi-subunit proteins are denatured and the individual subunits dissociate.
Each molecule of SDS carries a negative charge. At neutral pH most proteins become coated uniformly with SDS, which eliminates the intrinsic charge of the protein, so that the total charge of the protein-SDS complex is determined by the SDS. As a consequence, protein-SDS complexes all have a rod-like shape and possess essentially identical charge densities. The electrophoretic mobility of the complex therefore depends on the molecular weight of the protein.
During SDS/PAGE protein samples are applied at the cathodal end of a slab of acrylamide gel. Under the influence of the electric field the protein-SDS complexes migrate towards the anode and enter the polyacrylamide gel as a narrow uniform band or zone. Within the gel the migration rate of large proteins is slower than that of small proteins owing to the sieving properties of polyacrylamide (fig 1) . To chains on their surface, in particular the ionisable amino and carboxyl side chains. At very low pH most proteins are positively charged, and as the pH is gradually increased the net charge progressively becomes negative. For each protein there is a pH at which the net charge is equal to zero. This pH value is called the isoelectric point (pI). For most proteins the value of pI lies between pH 4 and pH 7.
Isoelectric focusing is an electrophoretic technique that separates proteins on the basis of their isoelectric points.4 The special feature of isoelectric focusing is that electrophoresis is performed in a stationary pH gradient and proteins migrate to an equilibrium position. As electrophoresis proceeds the sample components are concentrated and focused as sharp bands at their respective isoelectric points (fig 2) . Exceptionally high resolution can be obtained of proteins that differ in pl by as little as 0-001 of a pH unit. Isoelectric focusing provides information about the number of components in a mixture of proteins and also permits the isoelectric points of the proteins to be determined.
Electrophoretic separation with isoelectric focusing is carried out in a continuous pH gradient that increases from the anode to the cathode. When a protein is introduced into such a gradient it will be repelled electrostatically by one of the electrodes according to its charge in the electric field and will migrate to the position in the pH gradient at which it has no overall charge. For example, when a protein is placed close to the anode where the pH is lower than its pl value the protein becomes positively charged and will migrate towards the negative cathode. As 
ZONE ELECTROPHORESIS TO IDENTIFY ISOENZYMES I SERUM
Many enzymes in man exist in multiple forms ei because distinct genes encode several proteins N similar catalytic properties or a single gene pro( is subject to modification after synthesis. The enz activity measured in serum then represents the sui the activity of several distinct isoforms. If diffe organs contain different isoenzymes the identifica of the forms in serum can provide a clue about origin of the enzyme activity. In practice it is not w undertaking such an identification unless the enz activity in serum is raised, but such information then be of great diagnostic value.
Zone electrophoresis performed under non-dena ing conditions is often used to "split" enzymes several bands; this allows the relative proportion the different forms to be estimated by the use of sp activity stains. This procedure is called zymog analysis and is usually performed in polyacrylar gels to optimise the resolution of the isoenzyr Although only semi-quantitative, zymogram ana has the great advantage of being able to ide abnormal enzymes such as those associated tumours, enzyme immunoglobulin complexes, enzyme polymorphisms.
Polyacrylamide gel electrophoresis is widely use identify the alkaline phosphatase isoenzymes-tho enzymes of liver, bone, or intestinal origin-in ser Figure 4 shows the common isoenzymes and the electrophoretic mobility of an alkaline phospha associated with cancer. It also shows the bi alkaline phosphatase, which has such a high molec weight that it cannot penetrate the 7% polyacrylar gels used in the analysis and is characteristically fc at the origin. The use of reagents for detecting a wide variety of enzymes in starch gels has been described,'0 and a list of methods for the detection of enzymes in polyacrylamide gels has been compiled." PHENOTYPING aLI ANTITRYPSIN Pronounced population polymorphisms are associated with a, antitrypsin. As certain phenotypes give rise to pulmonary emphysema there is clinical interest in using identifying genetic variants and phenotyping people at tases risk. Most clinical interest has focused on the reduced laiver plasma concentrations of a, antitrypsin. Different also degrees of deficiency exist owing to allelic variation, and these result in decreases in the production of a, antitrypsin by the liver. These differences range from ular the normal PiM gene with a production of 100% the through the PiW gene with 80%, the PiS gene with dlin, 60%, the PiP gene with 25%, and the PiZ gene with with 15% of normal levels to the Pi null gene which fails to tro-produce a, antitrypsin. Severe deficiency can result in progressive lower lobe panacinar emphysema and, less commonly, micronodular cirrhosis in adults. Are there any essential differences between chlorine and iodine based water purification tabletsfor use when travelling overseas?
The principal difference between chlorine and iodine water purification is that iodine disinfects water more rapidly and is more effective against cysts, the commonly encountered ones being giardial and amoebic. Although iodine in a concentration suitable for sterilisation seems to have little in the way of toxic effects on the water consumer, it can have an unpleasant taste. It is perhaps more important that there is no standardised commercially available preparation prepared for this purpose in Britain.
The traveller can use tincture of iodine (2% solution) and add 5-10 drops (0 25-0 5 ml) to one litre of water and then leave the solution for 30 minutes. Of the easily available methods of purifying water, boiling or controlled filtration is probably the best for travellers. Chlorine releasing tablets available from chemists and used carefully according to instructions are a good second best option. -E WALKER, consultant epidemiologist, Glasgow Jarroll EL Jr, Bingham AK, Meyer EA. Giardia cysts destruction: effectiveness of six small quantity disinfection methods. AmJ7 Med Hyg 1980;29:8-1 1.
